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by Chinese hamster ovary cells 

(Recombinant DNA; eukaryotic expression vectors; synthetic gene; rerouting) 


j.'. Pecceu*, P. Dousset h , D. Shire b , E. Cavrois c , K. Marchese c *, P. Ferrara*, M. Kaghad u , X. Dumont d and J. Lupker 51 

« Unite Technohgie des Ce/lules Animates Recomhinees. h Uniti Chimie Orgamque. c Unite Biochimie des Proteines, and tf Unite Biolugie 
Malecutaire du Gene. Sanqfi Elf Bio Rccherches, Labige Innopole. 31328 Labege Cedex (France) 

Received by Dr. H. van Ormoodt: 14 February 1990 
Revised: 27 June 1990 
Accepted: 3 July 1990 


SUMMARY" 

A hybrid gene consisting of the sequences coding for the signal peptide of human growth hormone and the mature form 
of interleukin-l/?(IL-I/J) was chemically synthesized. This sequence was inserted into a eukaryotic expression vector and 
introduced into Chinese hamster ovary cells. The resulting stably transformed cell lines produced large amounts of recombi- 
nant IL-1 ft which was secreted into the culture medium mainly as a 22-kDa form. Expression in the presence of tunicarnycin, 
an inhibitor of /V-glycosylation, led to the complete disappearance of the 22-kDa form and the appearance of a new form 
of 17.5 kDa, indicating that the hybrid protein had been both processed and JV-glycosylated. However, transformed cells 
producing mature IL-1/? without a signal peptide produced the predicted 17.5-kDa nonglycosylated form. These results 
suggest that fusion to a heterologous leader sequence allowed IL-10 to be translocated across the membrane of the 
endoplasmic reticulum and to be transported and secreted by the exocytotic pathway. 


INTRODUCTION 

The IL-1 polypeptides are pleio tropic mediators which 
play a fundamental role in inflammatory and immune re- 
sponses (Oppenheim et al., 1986). Two quite distinct IL-1 
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tunieamycin; u, unit(s); UWGCG, University of Wisconsin Genetic Com- 
puting Group. 


molecules, designated IL-la and IL-1# have been well 
characterized (March etal., 1985). Although IL-1 was 
originally detected in the supernatant of activated mono- 
cytes, it is now clear that a wide variety of cell types can 
produce it, as a response to various extracellular stimuli 
(Oppenheim etah, 1986). Both IL-la and IL-lj5 are ex- 
pressed initially as intracellular 3 1-kDa precursor polypep- 
tides with IL-l/? being the predominant species (March 
etal., 1985). Stimulated monocytes have been found to 
contain up to 5% of mRNA coding for IL-ljS, with con- 
comitant high levels of intracellular UAfl protein (Webb 
et al., 1985). In addition, proteolytic processing of the pre- 
cursor occurs, followed by secretion of a soluble mature 
form of active 17.5-kDa lL-l/f corresponding to the 153-aa 
C-tenninal end of the precursor (March et al., 1985). The 
precise cellular site of cleavage and the mode of secretion 
of the molecule remain unknown. Examination of the poly- 
peptide reveals the absence of a classical N-terminal or 
internal hydrophobic signal peptide. Studies of activated 
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A < 


C A A 

AATTCGCAC CT(^AASATCTCTGAACT6CACGCXCCGGGACTCJ^AGCAAAAGa£»CttG 
IX Ball J 

GCGrGGACAtT CTAGAGAC T I GACCTOCC AGOCCCTGAGTG TCGTTTTCTCGAAC 

< t i9] >< 

Al aP coVolArgS«xL«wAoRCy*ThcLe uArgAapSe cGXnGlnLy g ScrX-cu 


GT^TGTCTGGTCCATAtCAACTGAVjlGCICTCCftCCtOW 

cact&cagaccaggtatac ttgactttc qagaggtcgacgtccctgtc ctatacctcgtt 

V»J^tS«rClyPxoTyrGliiI*uLyflAlaLeuHi3l^uGinGly<31nA3pMetGlDGln 

caagtggtgttctcc^tgtcctttgtccaag^gaagaaagtaa 

Sty2 

GTTCACC ACAAGAGGTACAGGAAACAC CTTCCTCTTCTTTCAT T ACTGTTTTATG G AC AC 

GlivIival?h«Ser>letScrPhftValGlr.GlyGluGluSerA^nAapLyAll«PtoVal 

C C GTC 
X [5 j x 

GCGTTGGGCCTCAAGGAAAACAATCrrGTACTTAAGCTGCGTGTT 

Aflll 

C<X^CCCGGAGTTCCTTYTCTTAGACATGAATTCGACGCACAACrrtCTACTATTCGCG 

— (16) >< - 

AJLaL*uGlylrfluLy*Cl\jiy»A»nLeuTyrl^uS«rCy*V»lLeulyaA5pA3pLy8prc> 

ACTCTACAGCTGGAGAGTGTAGAC^CCAAAAATr^ 

7GAGATGTC GAECTCTCAGA rCTGGGGTTTTTAATT^GTTTC TTCTTCTACCTTTTCt^ T 

ThrliCuGlnLeuGluSfcrValAapProLysAanTyxProI/yaLyaLyaMetGloLyaArg 

TTTGTCTTCAAC AAGATAGAAAT CAATAAC AAGCTOTAATTTGAGTCTGCCC AG TTCCCC 
AAACAC^GTrGTTCTATCTTXAGTTATTGriCGACCTrAAACTCAGA^GGCTCAAGGW 

>< [13] 

PheValPhfrAsnLysIleGluIleAsi^vstiLyALeuGluPheGluSerAIaGlnPhePro 

A G 

X [3} X~ 

AACTGGTACAt^G CAGCTCTCAAG CAGAAAACArGCCCG TCTTCCTGGGTGGTAC CAAA 

TTGACCATGTAGTC£TGGAGAGTTCGTCTTTT^ 

AanTrpTyrI^S«rTbr5erGlxiAl«GluAflQMetProV«lPheLeuGlyGlyThrLy6 





TCT 

— ■ — . > 

GGCGGCCAGGATATAACTGACTTCACi 

SacI BAadllZ 

CO GCCGG TC CTATATMAC TGAAGTGGT ACGTTAAA CACTCGAGG AT CA.T7 CGA 
->< Jllj > 

GlyGlyGlnA3pri«ThrAspPhcThrKetGlnPh*ValSerS*rEnd£ncl 


B < , x 

AGC1IC CGCCATGGCtACAGGCTC C CGGACGT CCCTGCTCCt GGC TTTTGGCCTG CTCTG 
RlodJTI 

kggcggtao:gatgtccgagggcctgcagggacgaggaccgaaaa.ccggacgagac 

MetAlaThrGlyS«rA£gThr3etLeuLe\iL«uAlaPheGlyL*uLtoCy 

cctgccctggcttcaagagggcagtgcattcg 

GGACGGGACCGAAGrrCTCCCGTCACGTAAGCTTAA 

> 

oLcuPcoTrpLcuGinGluGXySecAlo 

Fig. I. Synthetic DNAs. Oligos were synthesized on a Biosearch 8700 
Synthesizer using /?-cyanoethyl-protected AW-diisopropylphosphor- 
amiditcs (Bioscarch) and purified by 8 M urca/12% PAGE. (A) Sequence 
of the IL-ifi gene. Numbers in brackets identify the 19 oligos used in gene 
assembly. Unique restriction sites are shown together with the sites 
reconstituted on ligatinginto the vector (bold-face letters). Original nt are 
shown above the coding strand. Apart from oligos 1 and 1 1 , the oligos 
(1 ;*g) were phosphorylated either in complementary pairs or in a group 
of three (4 + 5 + 16) in a standard ligation mixture containing 50 mM 
Tris - HCi pH 7.8/10 mM MgCl 2 /5 mM dithiothreitol/1 mM ATP/10 u of 
14 polynucleotide kinase (1 pi) in a total volume of 1 1 pi After 30 min 
at 37° C, the mixtures were heated at 65 n C for 10 min. The solutions were 
pooled, oligos 1 and 1 1 were added and the mixture was heated for 10 min 
at 65 °C It was allowed to cool to 22 9 C, T4 DNA h'gasc (1 p\, 5 u) was 
added and the mixture was incubated for 10 min at 22 °G The synthetic 
gene was purified by 5% nondenaturing PAGE and the desired 4(i9-bp 
fragment was electroelutcd overnight into 40 mM Tris -acetate pH 
7.9/1 mM EDTA/0.1% SDS. The DNA was further purified by DE-52 
column chromatography with ehition by 1.5 M NaCl/50mM Tris -HCI 
pH 7.6/5 mM EDTA followed by ethanol precipitation. It was ligated into 
M 1 3mp 1 8 previously digested by EcoKl + Hindlll and cloned into E. coli 
JM103. Clones were analysed by restriction enzyme digestion, followed 


human monocytes have demonstrated that IL-10is absent 
from the secretory apparatus of the cell, i.e., ER, G 0 |^ 
apparatus and secretory vesicles (Bayne et al., 1986; Sing er 
et al., ] 988). Kostura et al. (1989) have shown that pre-IL 
1 /fconvertase activity is present in the cytosol of monocyte 
like cells but not in a variety of blood lymphocytes and 
fibroblast cell lines. These data suggest that IL-10retains its 
own monocyte-specific mechanism of processing and 
cretion, which differs from the typical secretory pathway ft 
mammalian cells. When transfected with cloned fulMcngth 
cDNAs of IL-1/? mammalian cells have proved to be rela- 
tively inefficient in secreting mature IL-1/? into culture 
media. This can be explained by the absence in these cells 
of the eonvertase activity identified in monocytes (Kostura 
et al., 1989). Wc decided to test whether a fusion between 
IL-1J? and a heterologous signal peptide would allow the 
efficient secretion of mature JL-I/? from transfected ceDs. 
We chose to express a synthetic gene encoding only the 
153-aa C-terminaJ part of the protein as previously used by 
Josepb-Liauzun et al. (1990) in Escherichia cod It was fused 
either to a synthetic sequence encoding the hGH signal 
peptide or directly to an initiator ATG. The aim of this 
study was the synthesis and expression of the two chimeric 
genes and the establishment of transformed CHO cell lines 
producing large amounts of two forms of mature ILAfi. 


RESULTS AND DISCUSSION 

(a) Gene design and assembly 

The sequence of the synthetic I L-//? gene (Fig. 1 A) corre- 
sponds to the natural genomic sequence, with a small num- 
ber of codon modifications to have several unique restric- 
tion sites available for screening clones and for mutagenesis 
experiments. A total of 1 6 changes in 469 nt were made. The 
gene was flanked by EcoRV and IlindlU restriction sites. A 
strategically placed unique Bglll site permitted easy in- 
sertion of either a eukaryotic signal peptide or an ATG start 
codon plus the appropriate control sequences. At the 3' 
end, a Sad site adjacent lo the Hindlll site facilitated the 
introduction of a eukaryolie polyadenylation signal. The 
length of the single-stranded oligos chosen (35-58 nt) was 
a compromise between ease of assembly and minimization 
of possible mutations in the cloned DNA. Each oligomer 
was examined with the Told" computer program in the 
UWGCG package (Zuker and Stiegler, 1981; Devcreux 
et al., 1 984) to avoid dyad symmetries. We found that the 


by dideuxy sequencing in both directions. (B) Sequence encoding th« 
hGH signal peptide. The 102-hp sequence coding for tfie hGH signal 
peptide flanked by J/rcdlll and EcoKl sites was constructed from Tour 
synthetic oligos enzymaticaUy phosphorylated at the internal junctions, 
tigated and purified as described above. The hGH signal peptide-IL-1? 
sequence has been deposited with Gen Bank under number M35049. 
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post efficient assembly was obtained under the conditions (b) Expression vectors 

described in Fig- 1- The assembled synthetic fragment was The BgllhSacl fragment from mpIL-l/J was used in the 

jjgated into the polylinker region of MI3mpl8 and the constructions pSV1003 and pSV1008 as outlined in Fig. 2. 

phage was used to infect E. eoliJM 103. White plaques were The complete synthetic sequences of pSV1003 and 

screened by restriction analysis and one clone (mpIL-1/?; pSV1008 were verified by subcloning the HindUhBamHl 

Fig- 2) was selected for dideoxy sequencing in both di- fragments in M13mpl8 and sequencing by the dickoxy 

rections and found to be correct The same protocol was method. Plasmid pSV1003 directed the synthesis of the 

used to synthesize the sequence encoding the hGH signal 1 53-aa mature form of human IL- 1/? fused to the 26-aa hGH 

peptide (Roskam and Rougeon, 1979; Fig. IB), and Lo signal peptide. In pSV 1008, the synthetic sequence coding 

insert it into M13mpl8 to give mphGHsp (Fig. 2). for mature IL-l/J directly followed the ATG start codon. 


B& Bli 



Bli Ba 


F'g. 2, Construction of expression vectors pSV 1003 and pSVl008. The sequence coding for mature IJL-10 was obtained from a BglU-Sacl fragment of 
mp]L-i0 w hich was completed at the 5' and 3' ends by two synthetic oligos (boxed). Tt was ligated to a HcoKl-Bsml fragment of mphGHsp containing 
toe synthetic sequence coding Tor the hGH signal peptide to give pSVlOOX The sequence coding for mature IL-10 preceded by the hGH signal peptide 
ttas inserted bet ween the BamKl and flwdlll sites of euxaryotic expression vector LEV-2 to give pSVl003. Briefly, the vector LEV-2 contains the 
following elements: (/) an expression unit for the selectabte marker (dhfr unit), derived from pSV2-dhfr (Subramani et aL, 1981); («) a transcription unit 
for interlcukin-2 (1L-2) flanked on 5' by JftndM and on 3' by JtamHI. This expression unit, derived from plasmids pel) VI and pLl of Okayama and 
(1983), contains the early promoter, the late region introns and the late polyadcnyiation site of SV40; (fir) the pBR322 origin of replication and 
Ap R (Ap r ) gene of pUC9 (Vieira and Messing, 1982). A third syntlietie oligo designed to replace the hGH signal peptide by an ATG start codon (boxed) 
was introduced in pSVl003 together with the BglUflindUJ fragment of pSV782, a modified version of plasmid LEV-2. The resulting plasmid pSV1008 
contains the second intron of mouse ot-globin in front ofthe /L-//f sequence. Both plasmids pSV 1003 and pSV 1008 were optimized for translation initiation 
b y wing consensus sequences in frunt or the ATG codon as described by Kozak (1984). Ba, BamHl ; BI, Bgil; BII, BgiU; Bs, Bsm\; E, H, ffindiU; 
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(c) Transient expression of 1L-1/? in CHO cells 

The vectors pSV1003 and pSV1008 were tested in a 
transient-expression assay in CHO DHFR* cells. As 
shown in Table I, both vectors allowed an efficient synthesis 
of IH# but with a different distribution between the in- 
tracellular and extracellular compartments. With pSV1003, 
virtually all of the IL-I/J was secreted into the culture 
medium. This shows that the hGH signal peptide placed in 
front of mature IL-i/? results in nearly complete secretion 
of the protein. With pSV1008, 52% of the product was 
found in the culture medium. The mechanism by which tliis 
molecule is released from the cells is unknown. Transient 
expression of plasmid pSV2-cat (Gorman et al M 1982) in 
CllO DHFR" cells, either alone or after cotransfection 
with pSV 100K, resulted in a distribution between intracellu- 
lar and extracellular CAT comparable to that observed with 
IL-1/? (Table I). Recently, it has been suggested that CAT 
can be secreted by mammalian cells via an unusual pathway 
(Bunker and Moore, 1988). Since similar percentages of 
CAT and IL-l/f were released into the medium, both mole- 
cules might use the same secretory pathway. We cannot 
exclude, however, that at least part of the IL-l/fr (and of the 
CAT) found in the culture medium is the result of cell lysis. 

(d) Isolation of transformed CHO cell lines producing IL-10 

CHO DHFR- cells were transformed with pSV1003 
and pSV1008 to establish stable cell lines producing IL-l# 
Fifty DHFR* colonics were isolated from each transfor- 
mation and assayed by ELISA for the presence of IL- 1/J in 
the supernatant. The clones which produced the highesL 
amounts of 1 1,-10 were subjected to a gene amplification 

TABLE? I 

Transient expression uf pSVIOOS, pSVi008 and pSV2-cat in CHO DHFR 


procedure in increasing concentrations of MTX (Ferrara 
etal., 1987). Selection in 100 nM MTX yielded several 
highly productive cell lines. The best producers were clones 
1003,26 and 1008,12, for which amplification resulted in a 
sixfold increase in IL-l/f production. At 4 x 10 s cells p er 
60-mm dish and four days of culture, these clones produced 
respectively, 38 ng/ml and 44 ng/rnl of IL-10beforc amp^l 
cation, vs. 236 ng/ml and 265 ng/ml after amplification. The 
levels of production were much higher than those described 
previously for mammalian systems, such as natural 
crction by activated monocytes (Kionheim etal., 1 98S) w 
hamster fibroblasts transformed with cloned full-length 
cDNAs (Young et a!., 1988) or mouse L cells transformed 
with total human DNA (Corbo et ah, 1987). 

(e) Analysis of recombinant IL-l/f 

To analyse the IL-1/? produced by the cell lines 1003,26 
and 1008,12, [ 35 S]methionine-labeled proteins were inimu- 
noprecipitated using an anti-human IL-10 antiserum 
(Cistron) (Fig. 3). A predominant 22-kDa form and two 
minor 21-kDa and 17.5-kDa forms were immunoprecipi- 
tated from cell line 1003,26 supernatants (Fig. 3, lane a). 
Since a potential JV-glycosylation site is present near the N 
terminus of mature IL-ljff, the difference between the IL-l/J 
produced in CHO cells and that from E. coli (Fig. 3, lane f) 
was probably due to the addition of A^linked oligosac- 
charides to the protein in CHO cells. The absence of 
cleavage of the signal peptide fused to IL-1/? would have 
resulted in a hybrid 20,5-kDa protein. An inhibitor of W-gly- 
eosylation, Tu (Sigma; Takatsuki etal., 1975), was added 
to the culture medium during labeling, and immunoprecipi- 


cells 


Plasmid !l 


IL-L (ng/dish)' 


Intracellular 


Medium 


IL-1* 

<% secreted) 


CAT (ng/dish) 1 


Intracellular 


Medium 


CAT C 

(% secreted) 


pSV1003 
pSVIOOS 
pSV2-cat 

pSV1008 + 
pSV2-cai 


2 
73 


39 


62 
79 


30 


97 
52 


43J5 


1.87 


1.12 
0.95 


39 
55 


" Plasmid pSV2-arf is from Gorman etal. (1982); other plasmids arc described in Fig. 2. Transient expression of plasmids was performed in a 
DHFR-dcficicnt CHO cell line (CHO DHFR") (Uriaub and Chasm, 1980) by use of the DEAE-de*tran method as described (Lupker etal, 198.1). 
Transformation of CHO OHKR - udls, selection of transformed clones and gene amplification in increasing concentrations of MTX were performed 
as described earlier (Ferrara et aL, 1987). Cell-culture products were from Gibco. 

* Subconfluent cultures of CITO DHFR" cells were transfected with 5 /ig of DNA of single plasmids per 60-mm dish or eotransfectcd with a mixture 
of 5/4g of pSV1008 and 5^g ofpSV2-cat, in the presence of DEAE-dextran. Culture media were collected 65 h after transfection and clarified by 
centrifugaiion. Cell monolayers remaining on the dishes were washed twice with PBS (Dulbecco and Vogt, 1954), scraped off with a rubber policeman 
in 3 ml of PBS and sonicated. Cell extracts were spun at 10000 rpm for I5min at 4°C and the pellets were discarded. All resulting supcrnalunts and 
lysates were used immediately or stored at 4°C until testing for IL-ljS(fcLI$A t Cistron, Pine Brook, NJ) or for CAT (ELISA, 5 Prime- 3 Prime, West 
Chester, PA). 

medium 

« % secreted = X 100. 

intracellular I medium 
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j;j(T. Analysis by immunoprecipUution of IL-lft secreted by 1003,26 
and 1008,12 cell lines. The 1 003,26 and CHO DHFR cells were labeled 
with [^S]Tnethionine for 16 h and the 1008,12 cells for 48 h as follows: 
cells were seeded in 60-mro dishes at a density of 10* cells/dish. 24 h later, 
cells were washed twice with PBS and prclncubated in methionine-free 
medium containing 0.2% of dialyzcd fetal-calf scrum, 300ug/ml 
^-glutaniine and 150 Jig/ml /-proline. After 2 h, the medium was removed 
a nd replaced by the same medium (2 ml) cemmining P S S] methionine 
(200 pCi, 37 TBq/mm«l , Amersham) with or without Tu (10 jig/ml). Cul- 
ture media were collected after 16 her 48 h and clarified by centrifugation 
Z l 1000 rpm (lOmin, 22°C). Labeled supcrnHlanLs (200 f i\) were 
incubated for 2h at 4 C C with control rabbit antiserum (10 /il) in the 
presence of fixed Staphyhvfjavx aureus cells (Pansorbin-Calbiochcm, 
200 /il). The mixture was centrifuged for 5 min at 5000 rpm tit 4 a C\ and 
rabbit polyclonal antiserum raised to human IL-l/? (Ctstnm, 5 ;xl) and 
Pansorbin (200 were added to the supernatant. Incubation was con- 
tinued for 16 h at 4 6 C with agitation. The immunoprccipitates were 
further processed as described by Kcsslcr ct al. (1981) and modified by 
Vita etal. (1990). Ahquots were applied u> 0.1% SDS/20% poly- 
acrylamidc Phastgels viij the Phast system (Pharmacia LKB Bio- 
technology). Gels were dried and exposed to Hyperfilm-/? max 
(Amersham). Lanes; a-e, culture supcrnatants of 1003,26 cells (a and h), 
1008.12 cells (c and d), or CHO DHFR" cells (e), labeled in the absence 
(a. c and c) or in the presence (b and d) of Tu. Lane f, E. co/j-derived 
| ,25 l|reIL- \fi (4.44-9.25 MBq/ug, New England Nuclear). 

tation was performed as described above. In this case, the 
disappearance of the two high-M r bands leaving a unique 
17.5-kDa band (Fig. 3, lane b) strongly indicates that IL-l/J 
was indeed secreted from 1003,26 cells in an JV-glyeosylated 
form. In contrast, when 1008,12 cells were used, a major 
17,5-kDa band was detected in the presence or absence of 
Tu (Fig. 3, lanes c and d), indicating that, in this case, the 
predicted nonglycosylated form of IL-l/f was produced. 
Glycosylation of a secreted, nearly complete form of mature 
lL4/?in Saccharomyces cerevisiae has also been reported 
(Baldari ct aL, 1987); in this case, the protein was synthe- 
sized from a DNA coding for the mature form of IL-1/? 
lacking the first four aa and fused to the presumptive signal 
peptide sequence of the Ktuyveromyces lactis toxin gene. 
Abnormal glycosylation of a protein has also been reported 
by Eskridge and Shields (1986) who constructed a fusion 
protein between the N-terminal part of preproinsulin and 
bacterial CAT. Following in vitro translation, CAT under- 
went tf-glycosylation, presumably at a single site. The re- 
sults presented here suggest that fusion of mature IL-l/J to 


a heterologous signal peptide allowed the protein to cross 
the membrane of the rough endoplasmic reticulum and to 
follow the pathway of a typicul secretory protein. Transport 
of ! I Afito the ER and Golgi apparatus after signal cleavage 
allowed full glycosylation, presumably at a single potential 
site at Asn 123 , (Asn 7 , Fig. 1A) and, finally, secretion. 

(f) Biological activity of iL-lfi 

The biological activities of both forms of recombinant 
IL-1/? were tested by measuring the proliferation of the 
IL-l-dependent lymphocyte cell line D10.G4.I in the 
presence of concanavalin A (Kaye and Janeway, 1984). 
IL-1/? synthesized by CHO cells transfected with plasmids 
pSVI003 or pSVI008 was found to be biologically active 
(Tabic II). The results confirmed the different rates of se- 
cretion for Ihc two different IL-l/J molecules. 

(g) Conclusions 

We describe the isolation of CHO cell lines which 
efficiently produce human IL-1/?. A fusion between the 
hGII signal peptide and the mature C-tcrminal part of IL-1/? 
resulted in virtually complete secretion of a glycosylated 
form of IL-lft which was biologically active. These results 
show that part of the IL-1/? molecule can be efficiently 
rerouted to the classical secretory pathway by the addition 
of a signal peptide. When the biologically active part of 
IL-ljJ was preceded only by a methionine and synthesized 
in CHO cells, a considerable percentage of the IL-lj? pro- 
duced was quite unexpectedly found in the culture medium. 
A similar result has been obtained for the bacterial enzyme 
CAT produced in mammalian cells (Bunker and Moore, 
1988). This suggests that certain molecules seem to be 
exported from the cell - either actively or passively - 
directly from the cytoplasm. Since the IL-1/? precursor 
molecule is not secreted from mammalian cells, cleavage of 
this precursor could be the first step in the secretion pathway 
of this cytokine. 

TABLE II 


Biological activity of recombinant IL-1/? 


Plasmid 0 

IL-1 (x 10 3 u/dish) 

b 





(% .secreted) 


Intracellular 

Medium 


PSV1003 

2,1 

60.2 

97 

pSVIOOS 

12.5 

14.0 

54 


* Sec footnote a of Table I. 

b Transient expression in CHO OH PR" cells was performed as de- 
scribed in Table I, except that 115 /ig of DNA per 100-mm dish were 
used. The biological activity of IL-1/? was assayed in the U1U.G4.1 proli- 
feration assay (Kayc and Janeway, Hie I L- }p used as a control ( 10* 
u/mg) was obtained from the National Institute for Biological Standards 
and Control (London, U.K.). 
c See footnote c of Table L 
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